Influence of sintering temperature, addition of glass powder or starch to carbon steel powder on compressive properties of foam steel was investigated. Two groups of foam steels were produced, both groups were including carbon steel powder and mill scale (10%), the first one was including from 3%-12% glass powder while the second group was including starch (3%-12%). All powder components were good mixed and then 6% phosphoric acid was added. The green specimens were sintered at 1100 o C, 1150 o C and 1200 °C for 60 min in carburizing atmosphere. The apparent density of sintered specimens were measured, it was found in the range of 0.60-1.38 gm/cm 3 . The compressive strengths of sintered specimens contain starch and glass powder were 31-52.7 MPa, 27 -39.5 MPa respectively. The measured compression strengths were compared with the predicted publishing work. It was found that the measured results were in a good agreement with the predicted ones.
INTRODUCTION
Metallic foams are known for their interesting combinations of physical and mechanical properties such as high stiffness in conjunction with very low specific weight or high compression strengths combined with good energy absorption characteristics. Although interest in these materials is increasing, some confusion exists concerning the term "metallic foam," which is often used in a general way to describe materials that are not foams in the strictest sense [1] .
Metal foams are a class of materials with extremely low densities and an outstanding combination of mechanical, electrical, thermal, and acoustic properties. They offer a large potential for lightweight structures with high stiffness and high mechanical properties, energy absorption, and thermal management. Their extraordinary property combinations make them interesting for applications where more than one function can be met.
There are different production methods for metallic foams such as foaming of Melts by Gas Injection (Hydro/Alcan) [2] [3] [4] [5] [6] [7] , foaming of melts with blowing agents (Alporas) [8] [9] , Solid-Gas Eutectic Solidification (Gasar) [10] , foaming of powder compacts (Foaminal/Alulight) [11] [12] [13] [14] [15] [16] [17] and foaming of ingots containing blowing agents (Formgrip/Foamcast) [18] [19] .
The effect of addition glass and starch powder on steel foam properties were investigated by using slip casting process [20] . This article aims at investigation the effect of addition of glass powder and starch to mixture from carbon steel and mill scale powder on compression test and apparent density. In addition to, the influence of sintering temperature will be illustrated. The compression results was compared with the deduced ones of publishing work [21] .
EXPERIMENTAL
Sieve analysis was carried out for iron powder, mill scale, glass powder and starch. The heat experiment was prepared through the following steps; 90 gm iron powder with 10 gm mill scale mixes with 3 gm, 6 gm, 9 gm or 12 gm glass powder (first group) or starch powder (second group). 0.5 gm carbon powder was added for each heat. Then 25ml ortho-phosphoric acid (its concentration 6%) was added to form green sample. Starch act as a binder and glass powder act as a dispersant. Orthophosphoric acid acts as a foaming agent where it is a source of gas. The sintering process was carried out in muffle furnace in presence of reducing agent (carbon) to prevent oxidation process for the green samples.
The green samples were sintered at 1000 o C, 1100 o C and 1200 o C for 1 hour. The method of measuring apparent density is Archimedes method, where the foam sample with dimension 65-70 mm diameter with height about 10-13 mm was weighted in open air and then the sample covered by a thin plastic cover and immersed in water, the displacement of water was measured to determine the actual volume. The density was calculated from mass and volume. Apparent density was calculated.
The static compression test was carried out for the sintered foam samples. Compression dimensions of measured foam samples was ranging from 65 mm to 70 mm diameter and the height was about 10-13 mm. The rate of loading of compression test was 2 mm/min. The static compression properties was compared with the expected results from currently published model [21] .
RESULTS AND DISCUSSIONS
Chemical composition of iron powder, mill scale are listed in Tables (1 -2 ). The sieve analysis of iron powder, mill scale, starch, and glass powder are shown in Figs.( -4) . The sieve analysis of materials showed that. The size of iron powder was less than 228 µm 2 , about 90% of them its size was less 115 µm 2 as clear in Figure1. The size of mill scale powder was less than 224.3 µm 2 , more than 90% of them, its size was less 113.8 µm 2 as shown in Figure2. The size of starch powder was less than 33.69 µm 2 , about 90% of them, its size was less 21.18 µm 2 as given in Figure 3 . The size of glass powder was less than 670 µm 2 , more than 90% of them, its size was less 300.9 µm 2 as given in Figure 4 . The reason of introducing 10% mill scale to benefit from the huge amount resulted during continuous casting process of steel. The presence of Fe2O3 in mill scale play an important role in slip casting process, where iron oxides react with orthophosphoric acid and water vapor realized according to Equation (1):
The mechanism of the slip casting process are the steel powder (90 gm) and mill scale (10 gm) mixed with starch or glass powder (dispersant). The addition of 25ml water as a solvent with 6 ml concentrated ortho-phosphoric acid as a source of gas (foaming agent). Liberation of water vapor as Equation (1) and as a result of liberation of PO3 gas, the steel powder is suspended. The produced sample is called green sample. The green samples were sintered -in presence of carburizing atmosphere as a result of addition of 0.5 gm carbon powder -at 1000 o C, 1100 o C and 1200 o C.
The density of produced steel foam after sintering at three different temperatures at different additions 3%, 6%, 9% & 12% glass powder and starch are shown in Figs.  (5-6) , respectively. The apparent density of sintered foam steel decreases with increasing glass additions from 3% to 6%. The behavior of apparent density was the same for sintered samples at 1000 o C and 1100 o C and it increasing after sintering at 1200 o C as given in Fig. 5 . The apparent density of sintered sample has negative general trend with increasing addition of starch from 3% to 12% as shown in Fig. 6 .
The maximum compression load for produced steel foam after sintering at 1000 o C, 1100 o C and 1200 o C after additions 3%, 6%, 9% & 12% glass powder or starch are shown in Figs. (7-8) , respectively.
It is clear that the addition of glass powder to the foam steel has negative significant effect on the compression properties as illustrated in Fig. 7 . The sintering temperature has positive significant effect on compression properties in both cases addition of glass or starch. While the addition of starch has positive significant effect on compression properties as shown in Fig. 8 . 
CONCLUSIONS
It can be concluded that, the addition of glass or starch powder up to 6% to mixture of iron powder and mill scale powder has small negative effect on apparent density. But, increasing the percentage of glass or starch powder more than 6% has a little effect to a certain negative or positive effect on apparent density. The addition of glass powder from 3% to 12% has negative significant effect on compression properties. While, the addition of starch from 3% to 12% has positive significant effect on compression properties. The compression properties can be improved by increasing sintering temperature. The measured compression results was in a good agreement with the predicted results. T h e o r t i c a l a t 1 2 0 0 o C E x p e r im e n t a l a t 1 0 0 0 o C E x p e r im e n t a l a t 1 1 0 0 o C E x p e r im e n t a l a t 1 2 0 0 o C
